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Abstract 

‘The program EShlE for modeling the longitudinal degree of freedom of beam dy- 
namics in proton synchrotrons w-as described in considerable detail in ,‘Lser’s Guide 
10 ESME I-. 7.1::11: distributed about a year ago. This note corrects minor errors and 

omissions in the User’s Guide, discusses bugs and rrochets, notes fixes: and reports a 
fr\~ cnhanwment s. Current work and plans arc sketched. This note should br adequate 
to upclatt- the 1:~~‘s Guide. 

Introduction 

T~hr program ESME has seen substantial USC in the ~-ear since the major revision (TV. i.1) 

\ra,s drscrihed.~l’ I?sers in general a,pparent,ly ha,ce had few problems, hut glitches hare bwn 

found in the codr and documenta1,ion.l ‘Two of these could result, in w:rong ansu’ers; neilher 

affrrtrd calculat~ions using standad defa,ults. The options affected were time domain calcu- 

lation of hear driver resonator and nonlinear moment,um terms in the differenw equation. 

Thr laker discussion should br adequa,tr t,o asses thr ext,ent t,o which past, calc~Jat~io~~s ma> 

havr hern compromised. The other errors resulted in some features failing to function uuder 
scm,~ rr~llditirms. 

The I~ser’s Cuidr promised the appearance of a more full tratment of thr differenrc 
equations for t,he phasespaw mapping. It is now availahlp, I21 along with arrot,her Ilute \vhich 

considers t,hr contribution of bvtatron arreleratinn.:~ Thrlatter shoxs that equa,ting the prr- 

t.urn LE IO el-(~S) is correct not only for lhr synchronous particle hut also for the relative 

motion of others within practical energy range. Thr only effect is a fictitious or rrnormalired 

s~~~chronons phase. 
‘The code should continue to see some development. Addit,ions ma.de recently- arr de- 

scribed. Possibilities for furt,her de\-elopment a.~ mooted with no implication of ohligat.ion 

‘Discussions with Xiaoping Lu, Qing Wang; and Jim Griffin W~TP helpful in exposing some of these 
problems. 
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to follow them precisely. Criticism or further suggest,ions from users will receive interested 

consideration. but ESllE drrelnpment is neit,her a hobby nor an industry. Such change a,s 

are made will likely be either directly in the course of thr author’s work OT b? I-rry simple to 

implement. The follo\ving sections COVCI separately documentation cha,nges. bug fixes. speed 
~~r~hanceme‘nt. and present intrutions. 

Documentation Changes - 
Additions and Corrections 

The I:w’s Guide was compiled over se:reral months, and several propk madr USC of the 

VklTiOUG draft,s. so just a few errors seem t.o have survived int,o t,he T\l-1650 wrsion. There 

have been some change: however; related to additions and fixes to the rode. Those char~ges 
arc also included in this section. Page references in the foliowing are to .TXl-1650. 

R Command, p 9 

The quantities ALPHAl, ALPHA2, and ALPH.43 

These cluantities arr incorrect,l> defined in t,he paramrter iable. Tier corrrct data itrms 

arr the expansion corff?clrnts for II?,, n. ‘Thr correct definiti<ou is also ci,~,trar>~ to tlral givr11 

by thr author in a rerrnt IV1 r,ot,e.:4: The corrected lines in t,he tablr should read as foll<~\vs: 
Default 

\;ariab,e s\‘,&gyi~--, Description 

-\LPH,41 I Yone Coefficient of (Apip)’ in series expansion for Ii?,lfi a.bout 

xference orbit. ~~~~ ~:, ~~~~~~~~~~~.,~ ~~-: .-.. ~~~~~~ 
:IL,PH.43 None Coeficient~ ofij’p)4j,,,,;,i expansion for AR/R about 

~ reference orbit. 

FRAC parameter 

In the table of parameters there is a t,ypographical error on the range of the variable I! 
as set 1~7. the FR4C parameter. The entrj- should rea,d 

~-----T 
~Dci;dult~~,~ ~~~~~~~~~ ~~. ~~~~~~ 

;,;-..+ 
\.ariable S# \‘alue Lnlt, I.,. 

I 

FR.4C+~ I 

Descript,ion 
~~~~-~-A 

I’ 

Deter~iIl~s~azimuthal~~~riodici~~ralcula,tion rest,rirt,rd to ~ 

--L 
~ -lHO”/FRAC 5 13 5 160c;FRAC. 

~~~~~ . . ..j. ~~~~~~~... .~. 



A Command, p 12 

The description of the pa,ramr~ers \~33AI~CHI and \‘\11TCHF are rrplarpd 1)~ thr fol- 

loving drscription of \‘hl.L\‘TCH. Tl’. I g 11‘ c ian P is caused by a fix ir, thr buckrt~twbuncll 

matching feature drscribcd lai,er. 
Dpfault 

\‘ariable \alue ITnit Drscripliori 

\-hl;\TC:lili~:~OI F For SOUTCC 1, ~~;21.4TCH(I) = T results iu thr I-I(l) bc- 

inn set so that sowce I is matched to ilw ~.urrent dis- 
tribution emit,tar~c:t:.~ 

P Command, p14 

Tno distributions hacr brrn added. a matched elliptical distribution !FI’ and a distribution 

uniform betw-eer specified limits iI1 IJ and puabolic in E. ThP former is signilirani brcausr 

it is the only dist,ribution provided that is “microscopically” matched to t,hr potential: i.e. 

f,aving pa,rticlr density distributed according t,o a function of t.hr Hamiltonian. The way it 

f~as brrn implrmenird is adaptable to some other fully matched distributions. The elliptical 
distribution. however, seems t,o be grnerally a good choice for proton synchrotrons: ii has an 

interesting and perhap: useful feature that the t,hreshold for micro\iavrinstabilit~ is tlrr samr 

etrrya-hrre along the burlci-I. Hrcausr thr projection: of an elljptical bunch arc parab<olic. 

the parabolic distribution is a gcood one for unbunchrd beam. 

The dist.ributio:i gruerarrd bp liIND = 11 is described in thr l_scr’~ Guide as particles 

along flow lines just above and below the bucket. At one t,ime the SEPTRIS subroutine 

served this function, but somewhere in the migra,tion from computer to comput,er thr person 

nlakirig the translation decided tha,t it was supposed to do somrt,llillg rlsr. At ihis time i11c 
codr has been dummird out; the at,t.empt, t,o use it will halt rxrcution. 

Thv nen entries for the P command parameter i,a~ly~jp~~]~~j arr 

J~~-xfault arcs ;~~~~~~~~~~~;~ :.~, 
\.ariable 11 \ al!’ Lnlt DtWripli0Il 

Chooses the type of dist,ribution to hr grnerat,rd: 

II-Particles just ouisidr of buckets ~ SOT AI’.4II~.A\RLE 

14-Ma,tched elliptical distribution of NPOINT particles with 

hunch area SBNCH 

15-NPOINT part.icles uniform betwern ‘I’HYIX and 

THMAN and parabolic in energy between RFMIN and RE- 

RIAX 



B Command, p 24 

There is a missing rntry in thr paramtiw t,ablc. YBRES gives thr number of azimuthal 

slice of thr J region lROi;FR.r\C < vl 5 180”/FR~AC which brcom~ the intervals for the 
time domain ca.lculatim. ‘The present default NRRES ~ IO4 is not rspeciall~ low onr ma> 

be able t,o saw somr rcmputing time by giving a Io~~FJ. value in the $SCH(: nam~list input. 

Thr missing entry should read 
Default 

~ \-ariable ~‘~~\Blu;~~~~y;;;-, 
I ~~~~~~~~~~~~~~~~~~~ - Descript~ion 

~%3RES ~ lwli, Number of time intervals in calculation of brarn-induced on 

L,CR resonator 

Bug Fixes 

.The fixes described below ha,w brrn introduced into the public SOUFCP library on t,he Ac- 

celcrat,or Division VAX (.i\LhlONI~::~SRSDISK~~ESME~FIL~S.CIlSLIR03~) and the exr- 

cult-able5 callrd by the RESME\-AX and RE,ShlEFPS commands on (or about) the \.arious 

dates indimted. This nok is the first formal docnmrntaiion of thr chmgrs; the remarks in 

the CMS history in thr source librq have pmGded an interim rrcord. A11 changes have 

twn lested i,, iomr calculations. but thrrr is no guarant,w against iatrop,mir disordrrs. 

Nonlinear Moment,um terms in the basic map 

The rsseutial IIUCICUS of ESMF, is a nonlir~mr turn-by-t,urn map consisting of an rnrrg~ 

inc,rement~ diii;rence equai~io~~ and a phase slip diffrrrncr equation. The rt:latiw phase slip of 

prticir i is given by the ratio of the angular velocity of the synchronous pa,rGcl+ to particle 

s,zf&z!:,R,, 
fL /AR, (1) 

Roth of thrsr trajrct,orirs may be dislinct from t.hr reference trajectory of mean radius 

K,. The twu particles then have mommta pr and p, different, from t,he momentum pC of 

a particle which follows the refrrmc~ traject,or~. For each particle R(y) can be expanded 

about R, 1:~ R(p,) in JIOW~TS of 6 = (p p,)/p: 

R(p) = &(I + a,& - n,E2 - a# 4 .) (2) 

Thr discussion of the “phase slip factor” S in any of th? rrferencrs ;2i, ;3], or ;6 show 

that t,he differenw equation is in fact derived in this manner. The data items ALPHAl: 

AL,PHAZ: and ALPHA3 are just these momentum expansion coefficients of the path length. 

The yuaniit,r ap is used to evalua,t.r 17 ad for some ot,her auxiliary calcnla.tions, but the 
map has not been based on it since the ext,rnsion of the code from first order momentum 



dcpcndcnre OY~‘T ten years ago. In v. 7.2 t,he map is written almost directly with thr furm 

eq. 1. 
Hoxvevw. t,hr I-XI’s Guide gives states that thr ALPHAn parameters are expansion 

coeff~cirnts of thr n~omrn~nm compaction op. Thr hist,ory of this cr~or is long and mixed: at 

certain ~tagt-s thr code cont,ainrd rlrmrnts ba.sed VII both definition: of thr a,. Fracticallj 
speaking. ai OIIY ca,i SW by expanding nP to first ordw. 

Y f3H 
np = z ~6 = c&i (a, a 2a, ai)6 (3) 

thr r-es1111 al using thr expansion coefficients of aP is t.o replace Q, by thP quantit>- in paren- 

theses; the result will usua11y be too largr because grnerally al is positive. The .zffect is 

au rxaggerat.ion of t,he ‘.Johnsen rfTect”,7. in t,ransition crossing; away from transition or for 

small bunches crossing transat~on~ there ax no d&&able effects. *\Tot,e that the default \-alue 

of ALFA.1 is wro; thcrrfore there would be no problems with calculations x-hich were not 
explicitly concernrd with this subject. The misst,at,rment of the liser’s Guide was rqwated 

by the author irl a recent 311 notrl ‘41 This is probably a,s good a place as any to apologizr 
t,o any who havr bwn misled in transit,ion crossing studies; my face is red.’ 

Time domain solut,ion for high-Q resonator 

For a short tlrne afwr ihe 1;~‘s Guidf was issued there was an c~ror in the timr domain 

m~~drl of a high-Q rc:sorrat.or giving thr wrmg result for ihr wcit,ation arising from prior 

I,UTIIS. The solut,ion is const.ruct.ed by convolution of the current dist.ribution with a single 

t,urn Crren’s function; the contribut,ion of prior t,urns is includrd bx i.aking initial conditions 

rrflrcting t,hr state of excitation at the end of the previous turn. Thr quant,ities that are 
carrird over from one turn to the next arc just, the final \olta,gr and its timr derivative. The 

d eriyalivr was bein g evaluated numerically b! first order difference briween last and next- 

to-last time slices. The difference is subject t,o large error beca,use of st~atist,ical fluciuation of 

bin population. Furthermorez there wac a sign error so that the result was N-rang by 180” in 

phasr. Howewr. the Green’s function solution also gi\-es an analytic result for t,hr drriyative. 

Thr code has been changed to use the ana.lytic expression for t,he derivative so that it is now 
eYaluat,rd from t,he errlirt. distribut.ion. This change was made in the public source library 

by Xlay 1990. T’hv affect,ed subroutine is HIQRES: and only calculations inwking t,he time 

donlain model by sett,ing the QREZ0N parameter to .TRUE. in thr $SCHG namelist could 

be wmpromiscd. Although coupled bunch instability results seem to have been at least 

qualitatively correct, the drtails of beam loading were clea,rl~ wrong. 

2The question ofihe definition of aI was originally raised by Bill Ng in Seplember; 1990. Although 1 did 
not correctly react tu thr question at the iimp: it w-a~ because of his quer? that ihc problem was diagnosed 
a1,e.n thr effects showed up i,, my own aork. 
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Even when no cont~ou~ was to be plotird: fhr routinr DISPI.,11’ in v. 7.1 called Bl’CKl’l 

I,O get the bucket area and height for t,he phasespace plot caption block. This routinr 

calls CONTOL-R to gerirmtr a closed bucker cont,our from the diffrrcnce equa,tions. Sear 

t~ransition energy, \vherc thr standard bucket disappears. BI‘CKIT and CON’TOl‘R could or> 

for srwral minutes to find a closed contour before giving up. Thr problem has b~t:n addrrssrd 
b? using thr standard bucket area and height formular to r\:aluat,e ihew quantities unlrss 

a bucket contour has bern rrqucsted in the SGRAPH r~amelist input. Furtl~~rmore. thr 

rt!spor,se of HI-CKIT t o a failure of CO’NTOI-R has beer: changrd from a rtduc~io~~ of thr 

interval of numerical inlrgratiorl to moving the start,irrg point for tbr cw~tour slightly farlhrr 

away from the estimated loca,tion of i.hr unst,able fixed point,. BL’CKI’T makes three tries to 

closr thr contour; each rrtrg moves thr sta,rting point. closer by DELCOS to the calculated 

location of the st,able fixed point. where DELCON is the precision paramrirr which ran 

be read in with ihc SGRAPH namelist input. The default \-aloe is 0.01. ‘The previous 

stra~gy of going I,O a finer int,egration interval rarely succeeded and progrrssively incrrased 

~,hr exwution time each try. The use of the formula values in t,he phawspatr plot caption 

ca,n be mjslradirrg in some tircumst~ances because t,hry arr xvrong for rriultiplc rf systems or 

too CIOSP IO transiiion. Howe~rr. during recent work on transition crossing li1cra11>- hours of 

computer l~ime have gon? toward calculating contours t.hat were not rrqucstrd explicitly by 

tl;e irlpul paramc~rrs. III firer, if OFF bvants T,O knon the bucket aria and bright by 1111nlerica1 

in~rgration of the diffcrrncc equations close t,o the srparatrix: one must explicitly rcqurst 
ihr plotting of a bucket c~~~ntour. Correc,tions have been installrd in DISPLAY. and Bl~CKlT 

during Januar!- 1991. 

‘Failure d M-AT~CH 
13~ setl,ing one or mope of thr swit,ches \‘MATCHI(l:I@). \~Rl;\‘~CHF(l:lO) t,o .TRL-E. 

\vith thv SRF namelist input. one ~va,s supposed to get respectively an initial or final voltage 

for which the irldicat,rd source acting by itself would provide a bucket mat,ched to thr existing 

phasrspa,cr distribut,ion. The code provided in Y. 7.1 does not perform this furlction under 

a~r,y conditions and results in a program abnormal terminat.ion on arjlhmrtic exception. The 

chosen fix is simultanrously an enhancement and a rrst,rict,iorl of the features drscrihed in 

Tbl-1650. The v. 7.1 code has been entirely replaced. The new algorithm establishrs an 

estimate of the matchi~~g conditions by finding the bucket resulting in hllng (longitudinal 
analog of the Coura,n-Snyder latt,ite function) equal t,o that, implied by the ratio of bunch 

bright t,o hunch width and the assumption of no tilt. This is called a linew mal,ch because 

it is based on the propertirs of the first order linear differentia! equations describing thp 

synchrotron motion. losing the linear result to set thr scale: a contour of area some~vtlat 

less t,ha,n the hunch area is construci,ed for a trial scrjes of different rf voltage syrchro~~~s 



pllasr pairs. The voltage resulting in thf sma,llest fraction of thr distribution out,side of the 

CWIIOUT is foui~ld h!- second order luterpolation on thP results of thr t.rial serirs. This voltagr 

is returned as \-J(I) and the corresponding synchronous phase as PSII(1). ‘The IICW code is 
a,, enhancement bcca~use the nowlinear srarrh gives brtt,er results wlrere tbr distribution is 

not close to the Hamillonian flow for any x-alue of the ~aliage of systrm 1. If thr nonlinear 

sexch fails to find a minimum in excluded phasrspace points. th? result of the linrar ~nat~ch 

is reiurnrd. The present version ha.s a single array of logical switches \‘MATCH in select 

the rf syst.ems for which a matched volta,ge and phase are desired. Tbr results arc always 
n-turned as thr initial values berausr t,his is the only way the feature has ever beer, used 

ill practice. ‘The possibility of moving these values into VF(I) and PSIF(,lj by a SH.AZ.X\I 

routine provides for t,he unlikely exw~t t,hat a user ma1 wish t,o ewlw the ~nltagr to a 

matched value from some other starting point. This does, however: represent an apparent 

reduct.ion in funct,ion from tha,t specified in TW1650. Th fi e x \,-a~ installed 23 January 1991. 

Synchronous phase for waveforms with PSI(I) # 0 

Thr USC of the the auvmatic calculation of synchronous phase (IS>-NC = 1 parameter 
option in SRF namelist) along with non-zero values for the rf phaes PSI(I) has resulted in 

conflicts where the energy gain per turn was not what was expected. The problem has been 

fixrd ia tba,t. as always intrndrd, PHIS gives th c amount tha,r a \\-arefcrm. i~cludi,,g ~ffrcts of 

any rxplicit plla,srs., must he shjft,ed to produce the rrqurst,ed j>. If thr PSI(I) give the wrrrct 

energy gain, PHIS will h c m.dc I /.XCI. If t,hey give approx~male~~- the rrquestrd rncrgy gain_ r. 11.. -, 
PHIS will he a small corrcclion. In a t?-pica1 car wi1.h a one rf source having PSI(l) =~ 0; 
H(l)xPHlS is exact,ly tllr ronventio~~al syI]chronous phase angle. The programming required 

10 interpret all reawnahlr combinations of PSI, PDOT: IT, ISYNC: elc. is a bit elaborate; 

I hr pc,ssibjlit>~ has not beer rntirrI:- excluded 11. I ~ci what seems reasonable to some user ma> 

produce uriexpected results. Thr last changes t,o t,he source rela,ted t,o the? problems wcw 

made in August 1990. 

Failure to close decelerating bucket contours 

Thr COSTOUR routine was failing t,o find the bucket boundary for decelerating buckets. 

‘This was a nuisance level problem which was ignored until t,hr cause xas spott,ed while 

working on synchronization. The fix was 1101 ma,de until January 91. The error was not in 

the rnntouring routine itself, hut rather in the value for the expected unstable fixed point 

calrulat~rd by L,INHKT. 



Faster Difference Equations 

In r. 7.1 t,hr effect of setting the A command parameter LGRTHY rqual to 2 was 

t,o providr difference equations linear in everyt,hing except terms from t,he potrntial. The 

purpose of this opt,ior~ was 1.0 prwidr a test of t,he approxima,tion for particular input data: 
it was not designed to waliz~r a gain in computing speed, IIOM.PWT. The cod? n~a l:as hcrn 

streamlined IO realize most of the saving from t,hr simpler difference rquations without having 

to substitut~r a new FOLLO\Y subrouiinr in place of t,he st.andard on?. There is nc~ change 

t,o the input or results. For most applications n-here thr r,,rrg>~ dora uot cumr close to 

t.hr transit.iw energy and the particles of interest remain near the s,vrlchronc~uc part.iclc. IIW 
simplr differenrr equations arr rntirely adequal.?, and they may save 30% of the rxwution 

time: more or less depending on actiw options. 

Plans and Projects 

ESME 113,s been combined with at Ieat four different, graphics packages sincr its earliest 

inrarnation in the ‘70’s; the current version uses D13000~8] plus its GRAFM.ZKER higher 

level interfwe. Thrsr products, though rommercially available, are not widely used a~ high 

energ!- physics or acwlrrator laborat.ories. It, is a high priority to find a sys~rm with adrr]uatr 

capabilities that i: in rvasonabl? WI ‘de use and has reasonahlr procpwts of libngr~ity. Brciiuse 

thr demands of ESME are modest. thr capabilit,y question is primarily that of a simplr user 

inlrrface for liar plotting. scalier plotting. and hist,ograms with pleasing legends and labrls. 

The questions of availabilit? a.nd longevity have always been the t,ough ones. For an rarlirr 
effort to makr thr codr availablr at CERN: GD3 was adopted herause ii had pleasing feat urcs 

and because both Fermilab and CERN seemed commit,ted to support it. Th? current, thought 

is to adopt HIGZ for the ~amr reasons. Perhaps this choicr will br more fortuna.te bxausr 
HICZ is a somrwhat higher level intrrfxe to GKS. GKS itself show signs of brcoming 

a fa.irly widespvad standud. Fermilab has additionally- dewloped HIGZ as an int,erface 

to I)13000 a.nd may br rdging toward a policy of interfacing it to any other syst,em it rna,y 

adopt in place of I)13000 for general use. Thrrrforr, although it is not a standard commercial 

product,: HIGZ should br available from thr largest, high encrg~- physics laborat,ories for a 

considerable t,imr into the future. I! is u-ritt,rn in FORTRAS. available essentially without 

restriction. and: one hopes, easily portable. Redoing the graphics will surely result in some 
changes in apprarancr but probably little in the way of altered function. 

EfTwt,s to get a production vwsion and development capabilit,y inst,alled on a SlYX work- 
station are just gett,ing st,arted. Because ESME ha,s already been used on SIJ??‘s there may 

be no big problems. However, verification that output is precisely the same as that from 

1‘A.S and Amdahl versions will probably be slow t,o cane because there will be no systrmatic 

validation effort. 
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It is likely that the distribution of particles just outsidr of the bucket will br reactivated 

soon becmsr it should requirr a 51raightforward rrturn to old code. 

Conclusion 

The description of EShlE gi~rn ~II t,he I’srr’s (;uide for v. T.l (TWlf50) rt‘mains gcnrrall~- 

correct at, \‘. 7.2 (6 February 91). .4 n omission from and a rorrrrtion to thr guidr haw been 

not.rd. Furthermow. an addition rela,trd IO nrw starting di51rihution optio~ls and a changr 

corrrsponding to a rrworked bunch malching capability hair bren reported. \laking small 

changes to ‘ThlLlhSO at the indicated places u-ill render thr documentation current and as 

complete as available. 

There have been few complaints ahout bugs from grneral users: but one should as5urne 

therr arr yet traps for the unwary. 211 that~ arr known now arr corrected or, at least have 

been worked on: at v. 7.2. Unless the graphics rework results iu important changes: a direct 

revision of the IIser’s Guide is not foresen. 
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